Comparison between upper abdominal and thoracic surgery
Introduction
The upper abdominal and thoracic surgeries are routinely performed for treatment of many diseases, and sometimes for diagnosis. Such surgeries can present cardiopulmonary postoperative complications (POC) more frequently than the lower abdominal surgeries, as due to the surgical incision interfering in the respiratory muscles as by the own changes caused by the surgery and anesthesia.
POC after upper abdominal surgery and thoracic surgery increase the morbidity and mortality rates, mainly in those ones presenting cardiopulmonary disturbs, and these two type of surgery present a high incidence of complications among major surgery 1, 2 . POC result from the interaction of factors related to the general health of the patient and the surgical procedure to which it is subjected 3 . Such POC cause damages to the patients due to the long postoperative hospital stay as well as the high costs for health system.
Due to the high incidence of POC in major surgeries, the preoperative cardiopulmonary evaluation has to be performed in the preparation of such patients in order to predetermine those that would have higher risks to develop POC 4 . Consequently, it is possible to intensify the pre-operative care in order to minimize the POC.
Tests such isolated evaluation of lung volumes and capacity, respiratory muscle strength, as well as exercise tests to determine the cardiopulmonary capacity can be performed during preoperative period. Exercise tests can be those of maximal effort such as ergospirometry that measures the oxygen consumption (VO 2 ) 5 or submaximal effort such as stair-climbing test (SCT) [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] and six-minute walk test (6MWT) 9, 16 . However, in spite of being well determined in thoracic surgery, there has not been a standardization in which tests to determine the most susceptible patients to develop postoperative complications should be used in the preoperative period of upper abdominal surgery. Surgical risk scales are routinely used to predict surgical risks, but relating to cardiopulmonary tests, little has been investigated yet 17, 18 .
Therefore the purpose of study was determining if tests performed in order to evaluate heart and lung function in the preoperative period of upper abdominal and thoracic surgery can differentiate the patients who have higher chances to develop postoperative complications and also which tests are more important concerning to each one intervention. Table 1 . When the muscle strength and spirometry were analyzed, it was noticed that the thoracic group achieved better respiratory pressures, but the spirometry was better in the upper abdominal surgery group. However, related to exercise tests there were not great differences between the groups (Table 1) .
Methods

Study approved by the Research Ethics Committee
Demographics according subgroups and p values are presented on Table 2 . The subgroup TP is significantly older than TA. The length of stay in the intensive care unit (ICU) was significantly higher in the subgroups presenting complications (UAP and TP) ( Table 2 ). The mean length of stay and surgery were significantly higher only in the subgroup TP (Table 2) . Spirometric variables FVC, FEV 1 and MVV were significantly lower only for the patients that presented complications in TS Group and the same occurred regarding to MIP and MEP for the patients that presented complications in UAS Group ( Table 3 ).
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The exercise tests only had significant differences in TS, not significantly different UAS group relative to patients with or without complications ( Table 4) . Six-MWT also found a protection factor and every increase of In order to perform these surgeries, the patients were submitted to general anesthesia, which can alter the form and the pattern of chest wall movements what can lead to changes in the elastic properties of the lungs and in the gas distribution 25 .
Additionally general anesthesia affects diaphragmatic function due to the relaxing of muscular fibers and also decrease mucociliary clearance predisposing POC mostly if it is prolonged 26 . In the present study, the time of anesthesia was higher in the subgroups that presented complications and can have contributed for the occurrence of POC. The more extended surgeries in the UAS Group may be contributed for a higher rate of POC leading to a significant increase in the hospital length of stay.
Lung volumes and capacity
The upper abdominal surgery demonstrably affects the function of respiratory muscles mainly involving diaphragmatic function. Sometimes it is caused by direct trauma due to the surgical incision and most of them due to reflex inhibition of phrenic nerve after manipulation of abdominal viscera leading to changes in breathing patterns predisposing to respiratory complications 4, 23 .
The significantly lower spirometric values found in TS Group compared to UAS Group, demonstrate that respiratory disease is responsible for lung function deterioration. Pulmonary function, once reduced and allied to a higher decrease in the postoperative period from thoracic surgery 25 lead to a shortness of breathing and favors to pulmonary complications. Nevertheless, it is important to highlight that spirometry should not be totally discarted in elective upper abdominal surgery, but should be performed according to a higher indication criteria to provide data about risk of POC 30 . In the other hand, pulmonary function tests have been considered a good predictor of surgical risk in thoracic surgery 31 .
Respiratory muscle strength
Previous studies in thoracic surgery found out that patients who had unresponsive respiratory muscle strength to training have higher probability to develop POC 32, 33 . Hulzebos et al. 34 found out
that MEP values higher than 75% had POC protective effect in cardiac surgery. Bellinetti et al. 35 concluded more recently that the abnormal respiratory muscle strength during preoperative period of thoracic surgery and elective upper abdominal surgery was associated to a higher incidence of POC or death and when abnormal can be considered a risk factor. However, an association between the respiratory pressures and POC was not found in TS
Group from the present study.
In fact all these studies considered just pulmonary POC while the present study considered also the cardiac POC.
Another difference concerning the study methodology is that some authors 32,33 used fixed reference values, regardless age and gender, while Bellinetti's 35 and the present study used the predict values in percentage.
Manovacuometry was the only test proposed that determined a significant difference in the subgroups of upper abdominal surgery but only MEP% had POC protective correlation.
Respiratory pressures in the present study were significantly lower in the UAS Group, probably due to the own interference of abdominal disease that can cause a discomfort during tests. These pressures were able to differentiate the POC subgroup and made it more important than spirometry in this group. For that group, in order to minimize POC, patients with reduced respiratory pressures should be submitted to preoperative preparation 36 .
Cardiopulmonary exercise test
Exercise determines an increase in lung ventilation and perfusion, accelerating the gas exchange as well as in the postoperative of major surgeries 12 .
At that way, cardiopulmonary exercise tests evaluate patient fitness and are able to identify defects in oxygen transport system. VO 2 obtained during ergospirometry is considered the gold standard to determine the capacity of exercise 37 , but due to the fact it is an expensive equipment not available in most of hospitals, field tests can be used for it (6MWT, SCT).
Six-minute walking test is widely used to determine the physical capacity in several diseases as well as post-treatment assessment, nevertheless in pre-operative evaluations it has not been so wide explored. Holden et al. 9 identified that a shorter distance in walking tests can help to determine morbidity, mortality and also the need for prolonged mechanical ventilation. Szekely et al. 16 used 6MWT for COPD patients in the pre-operative of bullectomy and the distance had a significant correlation with hospital length of stay. According to these authors patients that walk less than 200 meters have a higher risk of postoperative death 16 .
Exercise tests, either 6MWT or SCT, are able to differentiate the subgroups with or without complications in the TS Group but it is not the same in UAS Group probably because such tests are dependent on spirometry rather than respiratory muscle strength. The search for ideal tests to predict the risk of postoperative complications is important to minimize it and even if it is not possible to modify it, it is important to be aware of POC. Since the attention and care should be intensified for high risk patients, the present research lead us to believe that the best preoperative preparation for upper abdominal surgery is to improve the respiratory muscle strength, while for thoracic surgery is to improve spirometric values as well as exercise capacity.
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Conclusions
Respiratory pressures were able to differentiate the patients that presented complications in upper abdominal surgery, but only MEP% presented POC protective correlation. Spirometric values and exercise tests differentiated the POC group in thoracic surgery, where MVV% and 6MWT correlated as POC protective factors and tSCT as POC risk factor but only tSCT was predictor of POC in multivariate analysis.
